Twenty three potassium solubilising bacteria (KSB) having potential to weather insoluble potassium bearing minerals were selected from 54 isolates obtained from the rhizosphere of different crop plants. The amount of K solubilised by different isolates in liquid medium ranged from 10.6±0.92 to 50.80±2.43 µg/mL. The isolates positive for solubilisation were categorized into weak, average and good solubiliser. Eleven isolates representing each category were further selected to study the effect of buffering of medium on K solubilisation. All the isolates exhibited the trait of K solubilisation both in the buffered and non-buffered media but with varying efficiency. In general for all the isolates, the amount of K released in the medium was low in buffered medium as compared to non-buffered medium. The buffering strength of medium diminished the effectiveness of KSB to release K from mineral and have no correlation with solubilisation in non-buffered medium (r = 0.89).
Potassium (K) is mainly found in soil locked in minerals like feldspar, mica, illite, muscovite which cannot be utilized by plant for their growth 1 . There is very little amount of water soluble or available potassium in soil (0.03-3%) that is utilized by plants for their growth and other metabolic activities 2 . Potassium is a major nutrient for plants that contributes in improvement of grain quality of crops [3] [4] [5] . Potassium reacts with other elements like aluminium, silica, iron etc. in soil and forms an insoluble compound that is known as silicate minerals. Microbes occur in rhizosphere and function as intermediary agent to provide soluble form of potassium for plants. They mainly have capability to weather insoluble form of mineral to soluble form and enhance the accessibility of potassium to plants. These potential microbes in rhizosphere are known as potassium solubilisers and have capability to increase the availability of K in soil. Potassium solubilising potential has been found in several bacteria belonging to genus Bacillus, Pseudomonas, Paenibacillus, Arthrobacter,Azotobacter, Mesorhizobium and many more [6] [7] [8] [9] [10] [11] [12] .
Potassium solubilising bacteria leads to the weathering of potassium-bearing minerals by secreting different type of organic acids like oxalic acid, tartaric acid, gluconic acid, citric acid and release the potassium in surrounding environment which is utilized by plants 5, [13] [14] [15] [16] . The mechanism for K solubilisation has parallel in P solubilisation by bacteria. Both the processes are predominantly executed by microorganisms through the production of different types of organic acids. There are few studies available wherein it has been reported that there is reduction in the amount of P solubilised when the medium for growth is buffered [17] [18] [19] . Till now, most of the KSBs have been reported using non-buffered medium. Buffering capability of soil could hinder the solubilisation process as majority of the reports showed that lowering the pH of medium favours mineral weathering resulting in the release of nutrients 6, 20, 21 . Hence it is worthwhile that parallel to the comparative studies on amount of P solubilised by microbes in buffered and nonbuffered media, the study should be carried out to look for the influence of buffering of medium on different categories of K solubiliser which includes weak, average and good solubilisers.
MATERIALS AND METHODOLOGY

Bacterial Cultures
A total of 54 bacteria isolated from rhizospheric soils of different crop plants were obtained from culture collection, Division of Microbiology, ICAR-Indian Agricultural Research Institute, New Delhi. The cultures were revived, purified and stored at 4°C for further work.
Screening of Potassium Solubilising Potential
Bacterial isolates were grown in nutrient broth medium at 30°C for 16 hrs and 10 µl of each isolate was spot inoculated on Aleksandrov agar plates. Six cultures were spot inoculated on each plate and incubated at 30°C for 5 days. The composition of Aleksandrov medium (g/L) was: glucose 5.0, magnesium sulphate 0.5, ferric chloride 0.005, calcium carbonate 0.1, calcium phosphate 2.0, potassium bearing minerals 2.0. Potassium aluminosilicates were used as an insoluble potassium bearing minerals 7 . The pH of the medium was adjusted to 7.2 by adding 1M NaOH. Cultures that showed halo zone around the colonies were selected and relative potassium solubilising ability was calculated by following formula. Relative potassium solubilising ability = (Total zone size -colony size)/colony size Aleksandrov broth medium containing potassium aluminosilicate as insoluble K source was inoculated with selected KSB (1% of freshly grown culture to 50 mL broth in triplicates) for 5 days and solubilised K in liquid medium was estimated through flame photometric method 22 . Un-inoculated medium served as control.
Influence of buffering on potassium solubilisation
The influence of buffering on potassium solubilising potential of bacterial isolates was carried out using Aleksandrov medium amended with 100mM Tris-Cl, pH 7.2. The influence of buffering on potassium solubilising potential was determined through measurement of halo zone surrounding the colonies of bacterial isolates. Quantitative estimation of solubilised potassium was also performed in both non-buffered and buffered medium through standard protocols 22 . A solution of KCl (20, 30 and 40 ppm) was used as a standard for the analysis of available K.
Statistical Analysis
Obtained data were analysed statistically by using SPSS 16.0 statistical software. Mean value and standard error mean (SEM) between bacterial isolates and solubilisation under buffered and non-buffered condition. The mean values and SEM were calculated at 1% level of significance and represented as Mean ±SEM in the tables.
RESULTS
Potassium solubilising bacteria
Among 54 bacterial isolates obtained, only 25 isolates showed the potential to solubilise insoluble potassium aluminosilicate mineral and formed distinguished halo zone around the colony (Fig. 1) . Based on qualitative study, the relative potassium solubilising ability of isolates ranged from 1.12 to 1.69. The amount of K solubilised by different isolates in liquid medium ranged from 10.6±0.92 to 50.80±2.43 µg/mL, the highest value being achieved by KSB 7 (50.80±2.43 µg/mL) followed by KSB 5 (45.80±1.76). A significant reduction in pH of the medium was also observed during solubilisation study in liquid medium (Table  1) . No halo zones around the colonies were detected (Fig. 2, Table 2 ). However in quantitative assays, all these cultures were able to solubilise K in broth medium. These results indicate that size of zone of solubilisation is not a good criterion to determine the efficiency of isolate for K solubilisation. Therefore the further comparisons were made only for quantitative estimations. In general, for all the isolates there was reduction in the amount of K solubilised in buffered medium as compared to non-buffered medium. Buffering had a greater influence on the K solubilising capacity of isolates KSB 1, KSB 2, KSB 5, KSB 7 and KSB 29. Other isolates also showed reduction in the amount of K solubilised in buffered medium, but was to a lesser extent.
Relationship of potassium solubilising efficiency between buffered and non-buffered medium
Data obtained with quantitative estimation of solubilised potassium in buffered and non- buffered medium has no significant correlation (r = 0.89). It showed that potassium solubilising efficiency of isolates differs in both buffered and non-buffered condition. There is no linearity (R 2 = 0.789) among the values obtained from both condition (Fig. 3) .
DISCUSSION
Many of the plant nutrients like phosphorus, potassium and zinc are not present in the available form and are fixed in the soil. As a consequence, these nutrients are not available to the plants and thus becomes limiting for the growth and yield of crop plants. In soils there are many bacteria, fungi and archaea that have the ability to release these nutrients from the complex sources and hence make it available to the plants 5, 9, 23 . The mechanism of P solubilisation is well studied as compared to K and Zn solubilisation. Different mechanisms have been proposed for release of P from complexes and mainly include production of organic acids, protons, hydroxyl ions, siderophores and CO 2 . In addition there are also reports of production of inorganic acids like HCl and HNO 3 24 . Among all these, organic acid production accompanied by reduction in pH is considered to be the chief mechanism. There are reports of inoculation failure of efficient strains of P solubilising bacteria in soils. It is believed that soils have a good buffering capacity and hence reduce the efficiency of P solubilising bacteria to release P from the complex 18 . Soils with Ca-P as a major phosphorus source also have a high buffering capacity 25 . Likewise, K solubilisation is also reported to be the production of different types of organic acids by microorganisms 5, 7, 11, 12, 15, [26] [27] [28] . Different organic acids like glycolic acid, succinic acid, citric acid, tartaric acids, 2-ketogluconic acid, oxalic acid, gluconic acid, malic acid, propionic acid, and fumaric acid have been implicated in K solubilisation 12, 13, 15, 29 . Acidification of the medium due to production of acids plays an important role in solubilisation of nutrient ions like P. K and Zn. However, acidification may not be the sole mechanism of solubilisation, as no correlation has been reported between the ability to reduce pH and P solubilisation 30 . The chelating ability of organic acids is also important, as it has been shown that the addition of 0.05M EDTA to the medium has the same solubilising effect as inoculation with Penicillium bilaii 31 . The inability of P solubilising Rhizobium strains to solubilise P due to the addition of NaOH indicates the importance of acidification in P solubilisation 32 . Likewise buffering of the medium by addition of 100mM Tris HCl also reduced the efficiency of strains to solubilise P 18, 33, 34 . Gyaneshwar et al., (1998) also observed reduction in P solubilising ability of Bacillus coagulans and Citrobacter koseri in buffered medium 17 . There are no reports available for the performance of strains in buffered vis a vis non buffered medium. In the present study 11 isolates varying in their ability to solubilise K in broth were evaluated for K solubilisation in both buffered and non-buffered medium. In general, all the isolates showed reduction in K solubilising activity to varying levels in buffered medium as compared to non-buffered medium. It further confirms that production of acids and acidification of medium is the major mechanism of K solubilisation by bacteria.
CONCLUSION
The results reveal that there is a reduction in the potential of bacterial isolates to release potassium from aluminum silicates in buffered medium as compared to non-buffered medium. It indicates that production of organic acids and lowering of pH (acidification) is the major mechanism for K solubilisation by microorgansisms. Moreover, potassium solubilising efficiency should be analysed in buffered medium as it might be helpful to identify more potential potassium solubilisers.
